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Abstract: We study, and illustrate with numerical calculations, trans- 
mission enhancement by subwavelength 2D slits due to the dominant 
role played by the excitation of the eigenmodes of plasmonic cylin- 
ders when they are placed at the aperture entrance; and also due to 
reinforced and highly localized energy in the slit as a consequence of 
the formation of a nanojet. We show that, providing the illumination is 
chosen such that an aperture transmitting eigenmode is generated, the 
phenomenon is independent of whether or not the slit alone produces 
extraordinary transmission; although in the former case this enhancement 
will add to this slit supertransmission. We address several particle sizes, 
and emphasize the universality of this phenomenon with different materials. 
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1. Introduction 

Extraordinary transmission of light through apertures of size smaller than the wavelength A 
has been a subject with a vast amount of interest ||T]|2l since the first experiments Ol demon- 
strated that light could pass through subwavelength hole arrays of radius r, as well as through 
single apertures with a transmitted intensity much larger than as predicted by Bethe's theory 
EI: {r/Xy. Many subsequent works ||5l[6l|7l[8l|9l[IS[ni[ni deepened both theoretically 13 
and experimentally |[TOl [TTl in the understanding of this phenomenon for apertures practiced 
either in metallic or even in dielectric slabs; and proposals were made to even increase this 
transmission by a single aperture, for instance by introducing periodic corrugation on the slab 



around a single hole |6|, such that the beaming effect of the zero order of this grating could 
produce more directionally transmitted light through the hole. Other research to increase the 
efficiency of this process included employing other different aperture geometries |[T0] [121 or 
placing metamaterial slabs in front of the aperture [IT4l . Much work has been undertaken at op- 
tical frequencies, but there are also investigations at THz ifTSll as well as using the resonances of 
split ring resonators SRRs in the microwave regimes 116] [17] . In particular with the SRRs they 
experimentally showed IITtII 740-fold transmission enhancement by amplifying the incoming 
wave into the sub wavelength aperture with the help of the SRRs. Subsequent studies [18] even 
increased this transmittance amount. 

The underlying concept for all these configurations is to produce a resonance that gives rise 
to intense and highly localized fields close to the aperture entrance, so that they couple with 
the resonance of the aperture, thus leading to enhanced fields at its exit and therefore to an 
enhanced transmission. 

In this paper we study and illustrate this mechanism with numerical calculations capable 
of predicting or reproducing experimental results with great accuracy, but this time we shall 
employ as the resonant trigger a particle Mie resonance, in this case a plasmonic nanoparticle 
close to the subwavelength aperture entrance. Then the localized intense fields at the aperture 
will be due to those of the localized surface plasmon mode LSPmn (where m and n stand for 
the eigenmode radial and angular numbers) of the particle which will subsequently couple and 
enhance the aperture mode TEuv in its cavity, (where u and v stand for the mode numbers) and 
thus its transmittivity, hereafter referred to as an observed supertransmission peak. Plasmonic 
particles have not yet been employed for this task as far as we know. 

In addition, since such a large intensity distribution, highly localized in the aperture, gives 
rise to an enhanced transmission, we inquire on the comparison of this plasmon morphology 
dependent resonance (MDR) coupling mechanism, which is resonant, to another one which is 
not; i. e. that of highly localized light focalization at the aperture by excitation of a nanojet 
|[T9l [20l [2TI I22II . This last effect also gives rise to aperture transmittance enhancement, as we 
will show. Differences between those two effects as regards both the transmission peak and the 
transmittance spectrum shape, are discussed. 

2. Numerical calculations 

We shall employ a finite element method with FEMLAB of COMSOL 
(http : / /www . co msol . comD and will address a 2D configuration, since the essential 
features observed on coupling and resonance excitations are likewise obtained in 3D (191 1221 • 
Hence, we simulate the whole physical process through these numerical calculations. Details 
of the meshing geometry and convergence which leads to accurate results are given elsewhere 
1241 [251 . In the 2D geometry dealt with here, we have employed an incident wave, linearly 
p - polarized, namely with its magnetic vector perpendicular to the geometry of the XY 
- plane (i. e. the plane of the images shown in this work), and propagating in the Y - axis 
direction. In the case of plasmon excitation such a wave has a Gaussian profile at its focus: 
Hz(x,y) = \M^{^\exp{—x^/2a'^)exp{i{{27z/X)y — (Ot)), |Hzo| being the modulus amplitude, 
2^/^(7 being the half width at half maximum (HWHM) of the beam, and A its wavelength. In 
the case of nanojet excitation, a rectangular profile corresponding to a tapered time harmonic 
plane wave Hz(x,y) = \Mj^{^\exp{i{{27t / X)y — cot)) has been employed. In both cases, wave 
profiles have been normalized to unity: |Hzo| = lA/m (SI units), this corresponding to an 
incident enersv flow mas nitude I < So > I - 190W/m^ (SI units). In this way, both plasmonic 
and nanojet forming particles are cylinders with OZ axis (in fact, nanojets were first predicted 
in 2D for infinitely long cylinders [19| and later studied for other 3D particles EOl |2T] [22l ). 
For such a 2D geometry, it is well known that this choice of polarization (in contrast with s - 



polarization) is the one under which the subwavelength sHt presents homogeneous eigenmodes 
TEio, i. e. which transmit and may lead to extraordinary transmission ||25] |26| |27] |28| |29l . All 
refractive indices of the materials here considered are taken from ll30l at the different addressed 
wavelengths. 

3. Extraordinary transmission enhancement by localized plasmon excitation 




Wavelength (nm) 




Fig. 1. (a) Al slab (refractive index hai = 0.280 + /3. 64; slab width D = 2. 61 jUm; slab 
thickness h = 23.76™; slit width d = 39.59nm) illuminated by a p - polarized Gaussian 
beam (|Hzo| = lA/m; spot size 2^/^(7 = 55.99™) at A = 302.4™ (i. e. exciting the TEiq 
slit mode). The light is incident upwards from below the slab. Magnetic field norm |Hz(r) | 
(in A/m (SI units)), in colors, and time - averaged energy flow < S(r) >, in arrows (maxi- 
mum arrow length = 99SAleV / (nrn^ ■ s)). (b) Slab transmission evaluated as | < S(r) > |, 
averaged over a square monitor area A = ((3/2)J)^ = 3526.58™^ placed at the exit of the 
slit (see Fig. 1(a)). In this range of wavelengths, the highest transmission peak appears at 
A = 302.4™. (c) Detail of the electric near field E(r) (in V /m (SI units)) spatial distribu- 
tion in both norm (colors) and vector (arrows) for the same configuration as in Fig. 1(a) at 
A 302.4™. 

Like in some other reported extraordinary transmission experiments ll3n[32l[33ll . we consider 
a metallic Al slab of thickness h = 23J6nm with a slit of width d = 39.59^m. As mentioned 
before, the Al refractive index at the wavelengths considered here are taken from Ref. ll30l . (it 
should be stressed that re-adapting the corresponding parameters of the configuration, one could 
equally employ other frequently used materials for the slab like, e.g. Au. We shall discuss this 
point in Section 5). The total width of the slab for the numerical calculation isD = 2.61/im. This 



slit alone is first illuminated with a Gaussian beam and the transmitted intensity is evaluated at 
the other side of the slab, close to the exit of the aperture, in a square of area A = ((3/2)J)^, 
as shown in Fig. 1(a). In this range of wavelengths, at A = 302 Anm there is a maximum of 
the light energy transmitted by the slab into that square monitor, as shown by Fig. 1(b) for 
different wavelengths. Figure 1(a) also displays a picture, corresponding to this wavelength 
A = 302 Anm of peak transmission, of the spatial distribution of both |Hz(r)| and the energy 
flow given by the time - averaged Poynting vector < S(r) >. Whereas Fig. 1(b) shows the 
magnitude | < S(r) > | transmitted into the aforementioned square area A at the aperture exit, at 
different A. On the other hand. Fig. 1(c) illustrates the spatial distribution of the corresponding 
electric field near the slab and aperture. Surface waves, induced on scattering by the aperture 
edges, that propagate both along the slab and aperture surfaces are clearly seen in Fig. 1(a). Also 
charge concentrations, specially at the exit comers of the aperture, as a result of the excitation of 
the TEio mode inside the aperture, are shown in Figs. 1(a) and 1(c). Specifically, Fig. 1(c) shows 
that as far as the electric field contribution is concerned, the induced currents in the aperture 
walls associated to the homogeneous TEiq mode produce strong charge concentrations at the 
vertices of the aperture exit. These two points of the 2D diagram behave as a dipole giving rise 
to a strong electric near field. 

If now a plasmonic cylinder is placed in front of the entrance of the slit, i.e., at the side of the 
slab from which the beam is incident, the transmitted energy by this ensemble: slit plus particle, 
may increase dramatically. 

To see this, and in order to argument it, let us first consider an isolated plasmonic cylinder 
with a Mie resonance at a wavelength not extremely far from that of the transmission peak of 
the aperture alone shown in Figs. 1(a) - 1(c). We shall address an Ag |30| cylinder of radius 
r = 30nm. The plasmon energy resonance peak of this cylinder alone, illuminated by the afore- 
mentioned Gaussian beam, occurs at A = 339Jnm. This is illustrated by the spectrum of the 
mean Poynting vector magnitude near the cylinder in Fig. 2(a), which is evaluated at a narrow 
annulus around this particle surface as shown in Fig. 2(b), and exhibits in both Fig. 2(b) and 
Fig. 2(c) the characteristic strong dipolar electromagnetic field intensity distribution and large 
concentration of energy flow at this resonant wavelength. A comparison of the peaks in Fig. 
2(a) and Fig. 1(b) already shows that the magnitude of the energy flow excited at the plas- 
mon resonance in the Ag cylinder aforementioned surrounding annulus, is more than 100 times 
larger than that transmitted into the above mentioned exit square monitor by the aperture alone. 
Analogous conclusions by a factor 10 are derived for both the magnetic |Hz(r)| and electric 
|E(r) I field modulus which correspond to the isolated aperture and to the cylinder alone. Also, 
the excitation wavelengths corresponding to the peak transmission of the slit and of the cylinder 
plasmon are different [cf. Fig. 1(b) and Fig. 2(a)]. 

If we now place this cylinder close to the entrance of the slit as shown in Figs. 3(a) - 3(c), then 
the strong energy in this zone, due to the particle plasmon, will couple and transmit through 
the aperture via a feedback particle - slab/aperture, namely both aperture and particle modes 
will couple to each other creating a combined aperture - particle cavity mode at a red- shifted 
wavelength with respect to that of the particle alone. Notice that now, however, the effect of 
the particle is dominant upon the aperture transmission. Specifically, the presence of the slab 
slightly red- shifts the Mie resonance of the isolated cylinder to A = 344 Anm, as expected, 
but the resulting enhancement of slit transmission at this new wavelength is now quite large. 
This is illustrated in Fig. 3(a) which shows an enhancement of transmitted energy almost five 
times larger than that around the particle alone, also with a much narrower bandwidth and 
hence with a larger quality factor, and more than 1000 times that of the transmittance of the 
slit alone (cf. Figs. 1(b) and 3(a)). The distributions of magnetic field and energy flow, as well 
as of electric field near the aperture are shown in Fig. 3(b) and Fig. 3(c) respectively, at this 




Fig. 2. (a) Response vs. wavelength of an isolated Ag cylinder (refractive index UAg = 
0.259 + /1. 12; radius r = 30nm) to a p - polarized Gaussian beam of the same a as in 
incident from below with |Hzo| = lA/m and 2^/^(7 = 59.99«m, in time - averaged energy 
flow I < S(r) > |, averaged in the area A = 7r(33^ — 30^)™^ = 593.76nm^ of an annulus 
surrounding the particle (see the two concentric circles of Fig. 2(b)). The resonance peak 
occurs at A = 339.7™ (corresponding to the LSP21 cylinder mode), (b) Ag cylinder of Fig. 
2(a), illuminated at A = 339.7™. Spatial distribution of magnetic field norm |Hz(r)| (in 
A/m (SI units)) in colors, and time - averaged energy flow < S(r) > in arrows (maximum 
arrow length = 59071.36^y/(™^ • s)). (c) Detail of the electric near field E(r) (in V/m 
(SI units)) distribution in both norm (colors) and vector (arrows) at A = 339.7™. 




Fig. 3. (a) Transmission of the slit of Fig. 1(a) in presence of the plasmonic cylinder of 
Fig. 2(b), placed below the entrance of this slit as shown in Fig. 3(b). Time - averaged 
energy flow norm | < S(r) > |, averaged over the area of the square monitor shown in 
Fig. 3(b), (which is the same as in Fig. 1(a) - 1(b)). The p - polarized light beam with the 
same a as in Figs. 1, incides upwards from below the slab. The highest peak transmission 
appears at A = 344 Anm (corresponding to a red- shifted LSP21 cylinder resonance), (b) 
The Ag cylinder and aperture illuminated at A = 344.4nm (refractive index n^i = 0.364 + 
/4.17; n^g = 0.238 + /1. 24; showing the magnetic field norm |Hz(r)| (in A/m (SI units)) 
in colors, and time - averaged energy flow < S(r) > in arrows (maximum arrow length 
= 946S29.5leV/{nm^ -s)). (c) Detail of the electric near field E(r) (in V/m (SI units)) 
distribution in both norm (colors) and vector (arrows) for the same configuration as in Fig. 
3(b). 



resonant wavelength of A = 344 Anm. These showing large concentrations of field energy in 
the aperture and especially of charge and electric field at its exit corners, as well as partial 
penetration of the magnetic field through the Al boundaries of the slit. This is a phenomenon 
which usually occurs at thin apertures at the edges of the aperture. As a matter of fact, we 
stress here that this enhancement of the aperture transmission due to the particle resonance 
occurs whether or not the aperture alone does supertransmit or not ( of course, as long as 
the appropriate polarization, in this case p - waves, is chosen). If the aperture alone already 
produces extraordinary transmission, the presence of the resonant particle enhances it. 
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Fig. 4. (a) Ag cylinder (radius r = lOOnm) illuminated by the same beam as in Figs. 3(a) 
- 3(c) at A = 300.0™ (refractive index nAg = 1.513 + /0.955; LSP42 cylinder resonance). 
Magnetic field norm |Hz(r)| (in A/m (SI units))in colors, and time - averaged energy flow 
< S(r) > in arrows (maximum arrow length = 3067. 37^y / (nrn^ -s)). (b) Cylinder response 
in time - averaged energy flow norm | < S(r) > |, averaged over the area A = tt (220^ — 
200^)nm^ = 26389.38™^) of an annulus surrounding the particle (see the two concentric 
circles in Fig. 4(a)) versus wavelength. The shown plasmon resonance peaks are: LSP42, 
LSP22 and LSP51 located at A = 300.0™, 3 17.9™ and 357.3™ respectively, (c) Detail of 
the electric near field E(r) (in V/m (SI units)) distribution in both norm (colors) and vector 
(arrows) for the same situation as in Fig. 4(a). 



Since transmission enhancement through the slit is linked to the induction of resonantly large 
field energies in its entrance that couple with the subwavelength slit mode, other larger plas- 
monic particles whose LSP modes produce such strong localized fields should also give rise 
to the same phenomenon. However, in this case the perturbation of the resonant wavelength 
introduced by the combination aperture - particle upon that of the particle alone should be more 





Fig. 5. (a) Response of the cylinder - slit/slab combination (i. e. those in Figs. 1(a) and 
4(a)) in time - averaged energy flow norm | < S(r) > |, averaged over the area of the same 
square monitor as in Figs. 1(a) - 1(b) and 3(a) - 3(b) (see the square of Fig. 5(c)). The 
shown resonance peaks are: LSP42 (it reaches the value of ^ llOOOOeV / (rim^ • s)), LSP32 
and LSPsi located at A = 310.0™, 3\7.9nm and 359.4™, respectively. The illumination 
beam has the same a as in Figs. 1(a) - 1(c). (b) Magnetic near field norm |Hz(r)| (in A/m 
(SI units)) in colors, and averaged energy flow < S(r) > in arrows on illumination as in 
Fig. 5(a) at A = 310.0™ (refractive index hai = 0.294 + /3.74; UAg = 1.323 + /0.647; the 
LSP42 cylinder resonance is excited). This particle is placed at a distance of 5nm between 
its surface and the entrance plane of the Al slab, (c) Detail of Fig. 5(b). Magnetic field 
norm |Hz(r)| (in A/m (SI units)) in colors, and time - averaged energy flow < S(r) > in 
arrows (maximum arrow length = 979909.24^y/(™^ • s)). (d) Detail of the electric near 
field E(r) (in V/m (SI units)) distribution in both norm (colors) and vector (arrows) for the 
same configuration as in Fig. 5(c). 



noticeable. Let us study it. Figure 4(a) shows the spatial distribution of magnetic field magni- 
tude and energy flow in the plasmon resonance LSP^2 of an illuminated isolated Ag cylinder of 
radius r = 200nm at A = SOO.O^m. As shown by the energy flow norm spectrum of this particle 
averaged near the particle surface in Fig. 4(b) (i. e. the annulus of Fig. 4(a)), this is not the plas- 
mon excitation with the larger quality factor, which is the one at A = 311. 9nm (corresponding 
to LSP^2)- A detail of the distribution of electric field at A = 300. O^m is presented in Fig. 4(c). 
However, when this particle is placed close to the aperture entrance, the behavior of the system 
concerning slit transmission, beyond the redshift suffered by the cylinder modes, depends on 
the particular LSP mode excited on the particle surface. Two examples can be found in both 
the LSP22 and LSPsi modes, whose effect on enhancement in the slit transmission is lower and 
higher, respectively, than expected from their responses in energy concentration around the iso- 
lated cylinder surface (compare these resonant peaks in Fig. 4(b) for the cylinder alone with 
those of the transmitted energy in Fig. 5(a) when this particle is placed at the entrance of the 
slit). Nevertheless, the excitation of the red- shifted LSP42 on the cylinder below the slit does 
render, however, a huge transmission enhancement through the slit. Namely, at A = SlO.O^m, 
there is a dramatic change in the resonantly transmitted light by this combined system into the 
other side of the slit, as shown in Figs. 5(a) - 5(d). There the magnetic field, the electric field and 
the averaged energy flow transmitted at A = SlO.O^m over the aforementioned square monitor 
placed at the exit of the slab, show a huge transmitted averaged energy flow, of large quality 
factor, which is comparable to that shown in Fig. 3(a) when the dipolar plasmonic cylinder 
was placed instead. Also, this LSP42 resonance wavelength in presence of this larger cylinder 
is quite separated from the larger energy resonance LSP32 of this cylinder alone, as seen on 
comparing Fig. 5(a) and Fig. 4(b). In addition, a comparison of Fig. 3(b) and Fig. 3(c) for the 
small cylinder placed below the aperture, with Figs. 5(b) - 5(d) that show the same quantities 
for this larger cylinder placed instead, evidences that such a large transmission enhancement 
is also produced by a large but rather delocalized energy distribution below the aperture, with 
local values in their spatial distribution, similar to the former. Hence, we conclude that from the 
point of view of concentrating most of the available excited energy in an effective way through 
transmission by producing high localized fields, it is better to employ small (even dipolar) plas- 
monic particles. 

4. Comparison with extraordinary transmission by nanojet superfocusing 

As concluded from the above calculations, enhancements and localization of the near field 
entering the subwavelength aperture at conditions such that the slit transmitting eigenmodes 
are excited, is behind the phenomenon of transmission enhancement. Then, one may inquire 
if any effect that gives rise to a large and highly localized field intensity distribution in the 
aperture, even if it is not resonant, will produce a similar phenomenon. To this end, we shall next 
consider a situation of superfocusing into the slit. This requires a large dielectric particle that 
acts as a near field lens, (see e. g. ll34l ). The geometrical parameters are now adapted to the spot 
size of the focused intensity produced by the particle. This superfocusing is done with a Si02 
1301 cylinder of radius 1.9/im, illuminated by a p-polarized rectangular-profile beam of width 
w = 6/im. A nanojet |[T9l|20l|2T][22l produced by superfocusing in the cylinder, of approximate 
half width at half maximum HWHM = 120nm, is produced at the opposite side of the surface 
of illumination in the cylinder, as illustrated for this particle alone in Fig. 6(a) for illumination 
at A = 400nm, in which we have also drawn the slab with the slit to indicate the relative position 
between them and the cylinder when both objects are subsequently present. The enhancement 
and concentration of energy flow in the nanojet created on top of the cylinder is already evident 
in this figure. The slit that we next consider of width d = I29.l5nm, is again in an Al slab, 
this time of thickness h = 258.3nm and width D = 6/im. The energy flow transmitted by this 





Fig. 6. (a) Spatial distribution of magnetic field nom |Hz(r) | (in A/m (SI units)) in colors. 
Time - averaged energy flow (amplitude | < S > | = \9364. 69 eV /(nrn^s) for the hottest 
point of the nanojet whose width is w ^ \20nm) in an a — crystalline Si02 cylinder (re- 
fractive index risiUca = 1-558; cylinder radius r = 1.9/im) illuminated from below by a p - 
polarized unit amplitude rectangular beam (width w = 6/im) at A = 400. Onm. The slab and 
slit to be used later have been drawn to see their relative positions in the following figures, 
(b) Transmission of an isolated metallic Al layer (width D = Gjim; thickness h = 258.30nm; 
slit width d = 129.15™) in time - averaged energy flow norm | < S(r) > |, averaged in the 
rectangular monitor of area A = {{3/2)d)d = 25019.58™^ at the exit of the aperture (see 
rectangle of Fig. 6(c)). A supertransmission peak arises at A = 400.0™ (corresponding 
to the slit r^^io mode), (c) Detail of the aperture whose response is studied in Fig. 6(b), 
illuminated at A = 400.0™ (refractive index n^i = 0.490 + /4. 86). Magnetic field norm 
|Hz(r)| (in A/m (SI units)) in colors, and < S(r) > in arrows (maximum arrow length 
= 4829.44^y/(™^ • s)). (d) Response of the cylinder - slab combined system in time - 
averaged energy flow norm | < S(r) > |, averaged in the same monitor as in Fig. 6(b). The 
system reaches its highest transmission at A = 442.8™. (e) Detail of transmission in the 
aperture evaluated as in Fig. 6(b) when the combined cylinder - slab system is illuminated 
as before at A = 442.8™ (refractive index n^i = 0.598 + /5.38; risiUca = 1-553). Magnetic 
field norm |Hz(r)| (in A/m (SI units)) in colors, and < S(r) > in arrows (maximum ar- 
row length = 43480. 41^y/(™^ ■ s)). The distance between the cylinder surface and the 
entrance plane of the Al slab is 20nm. 



slit alone in a rectangular monitor of area {{3/2)d)d = 25019. 58^m^ is plotted in Fig. 6(b) as 
the incident wavelength A of the aforementioned beam varies. As shown, there is a maximum 
of transmission of the slit at A = 400nm. In Fig. 6(c) one sees the magnetic field magnitude 
and time-averaged energy flow spatial distribution < S(r) > near the slit corresponding to this 
illumination wavelength of maximum transmission by the slit alone. 

If we now place the above cylinder in front of the slit, Fig. 6(d) shows versus A the transmis- 
sion of the energy flow into the above mentioned evaluation rectangular monitor. Also in this 
figure one sees that near the supertransmission wavelength, the shape of the transmission spec- 
trum does not appreciably change except for ripples due to reflections in the cylinder - slit/slab 
cavity, even though its peak due to the presence of the nanojet increases by a factor of 8 and is 
red-shifted. As shown in the detail of Fig. 6(e), an enhancement of the aperture supertransmis- 
sion is now obtained. This figure corresponds to the maximum of this quantity as plotted in Fig. 
6(d), which occurs at A = 442.8/tm. Hence, again, the resonant transmittance of the aperture is 
red- shifted by the presence of the particle. Since the nanojet is not a resonance, but a sub wave- 
length focusing effect, and the Si02 cylinder refractive index does not yield as much feedback 
with the aperture/slit via multiple reflections between them, the magnitude of this enhancement 
is much smaller, however, than that produced by the interaction between a particle plasmon 
resonance and the mode TEio of the sub wavelength slit, as shown in the previous examples 
with Ag particles. 

5. Discussion and conclusions 

In the above calculations, we have employed a region of wavelengths in the UV for observa- 
tions of LSP excitation and in the violet for nanojets. As mentioned in the beginning of Section 
3, one may equally choose other parameters and materials to observe similar phenomena. For 
instance, concerning the excitation of LSPs we have done other computations with different 
wavelengths, sizes and materials for the slab and the particle, obtaining similar qualitative re- 
sults. For example, if one uses an Au particle of radius a = 50nm, this cylinder alone presents 
a LSPn resonance peak at A = 496nm of time-averaged energy flow of about 476eV/ {nrn^ • s), 
with lower quality factor than that of Fig. 2(a), and whose line shape is rather similar to that of 
an Au sphere of radius a = 20nm, (this latter shown in Fig. 12.17 of ||35]| ). Then by employing 
an Al slab with a slit whose parameters D, h and d are scaled with respect to those of Section 3 
by a factor 5/3, one obtains in the range of wavelengths around A = 496nm a tail of the trans- 
mitted energy for the slit alone, (with a value of about 133^y/ {nrn^ • s) near that wavelength), 
and a peak of transmission at A = 501^m of 450eV / {nn? • s) for the combination slit-cylinder. 
This amount of transmitted energy is already similar to that around the cylinder alone, but it is 
more than 3 times larger than that of the slit alone. Analogous results are obtained concerning 
nanojet excitation with other materials and sizes. 

Thus we conclude by stating the universality of the enhancement of transmission through a 
sub wavelength aperture by excitation of particle LSP resonances, or in general by reinforcing 
and localizing the incident energy at the entrance of the aperture by other procedures like e.g via 
a nanojet or with other means of superfocusing. This enhancement is independent of whether or 
not the aperture alone produces extraordinary transmission, providing of course that the illumi- 
nation is chosen such that a homogeneous (i. e. propagating) eigenmode is excited in its cavity; 
in particular, incident p-polarization is necessary when dealing with 2D slits. Transmission is 
dominated by either the LSP or by the creation of the nanojet. And it is is more efficient the 
larger their lineshape Q factor is, depending on their sizes and hence on the resonant wavelength 
perturbation of the combined system slit - particle. 

We hope that these results stimulate experiments in both 2D and 3D. In particular, if a plas- 
monic nanoparticle chain forms a signal and energy transporting waveguide, the aperture may 



then constitute an interesting coupling device, to which high directionahty of the transmitted 
Hght may be added if one, for instance, introduces periodic corrugation in the slab. A similar 
effect may occur for superfocused light and for nanoantennae in front of slits. 
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